SUMMARY A metabolic and physiological assessment was carried out in 14 patients who had undergone restorative proctocolectomy with ileal reservoir more than six months previously. The haemoglobin was normal in all but one and plasma electrolytes and serum albumin, calcium, phosphorus, and red cell folate estimations were normal in all. Five patients had low serum iron levels of whom one had an iron deficiency anaemia. The 24 hour faecal fat output was normal in all patients and there was no case of vitamin B12 malabsorption as judged by the Schilling test, although four patients had marginally low values. These were not associated with increased bacterial counts in the faeces within the reservoir and there was no evidence to support a diagnosis of stagnant loop syndrome. Inflammation of the reservoir mucosa was, however, associated with higher counts of aerobic bacteria than in cases where inflammation was absent. Subtotal villous atrophy or inflammation was seen in biopsies of the reservoir in six patients. The mean faecal output per 24 hours was 659±259 g and the mean reservoir volume was 330±78 ml. Mean resting anal canal pressure was significantly lower in patients with a mucous leakage per anum than in those without, while manometry of the reservoir showed no alteration of pressure over a period of one hour before and after a meal. A positive rectosphincteric reflex was observed in nine patients.
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Patients with diffuse colonic diseases such as ulcerative colitis and familial adenomatosis coli are successfully treated by proctocolectomy but at the cost of a permanent ileostomy. For this reason, operations restoring intestinal continuity have been described of which colectomy and ileorectal anastomosis is the most widely used.1-3 The great objection to this procedure is that it does not remove all the diseased tissue, as the rectum is preserved. Proctocolectomy maintaining the normal route of defaecation by ileo-anal anastomosis4 5 avoids this disadvantage but function in these patients, in particular frequency of defaecation, is often unsatisfactory. This may in large part be due to the loss of the reservoir capacity normally afforded by the large bowel, particularly the rectum, and to the peristaltic drive of the small intestine.
The recently described operation of proctocolectomy with ileo-anal reservoir6 7 may well overcome this difficulty, as the average daily *Address for correspondence: R J Nicholls, St. Mark's Hospital City Road, London.
Received for publication 16 December 1980. frequency of defaecation in a series of 21 patients was 3.8 (range 1-6) and only one had a significant disturbance of continence.8 If these initial results are maintained then eradication of disease, avoidance of an ileostomy, and preservation of satisfactory function may perhaps all be achieved. It is, however, important to know whether any long-term metabolic or physiological disturbances can result from the operation. This has prompted a study of those patients who have been followed for more than six months postoperatively with particular reference to their haematological and biochemical state, to the bacterial content of the stool, the motility of the ileal reservoir and the anal canal, and the histological appearances of the reservoir mucosa.
Methods
The terms used to describe the anatomy after restorative protocolectomy with ileal reservoir are shown in Fig. 1 . The patients were provided with a temporary ileostomy which was closed at a suitable time after this procedure. The followup period was taken to start from this date. In seven patients a balloon (5 mm diameter) was placed inside the reservoir through a sigmoidoscope and a recording of intraluminal pressure was made over a 60 minute period. The patient was then given a meal and pressure recordings were continued for another 45 minutes. The volume of the reservoir was assessed in all patients using a balloon (30X60mm) introduced into the reservoir per anum and gradually inflated with air until perineal and/or abdominal discomfort was experienced. The balloon was then repositioned in the distal ileal segment and resting anal canal pressure was measured as the balloon was progressively inflated by 10 ml increments of air.
The levels of the junction of reservoir and distal ileal segment and of the ileo-anal anastomosis were determined by sigmoidoscopy and a mucosal biopsy for histological examination was taken from the reservoir in 13 patients. Samples of faeces were obtained directly from the reservoir in 12 patients during a second sigmoidoscopy. These were placed immediately into pre-weighed screw-cap bottles containing a suitable transport medium.
The specimens were homogenised and the homogenates serially diluted in an anaerobic chamber and plated on to blood agar containing 5 %o horse blood and MaConkey agar and removed for aerobic incubation in 5% CO. at 37°C for two davs. Three media for anaerobic culture were used. All consisted of Brucella agar base (oxoid) with 1 Ag/ml vitamin K and 5 jug/ml haemin. The first medium contained 10% horse blood, the second 10% lysed horse blood with 7-5 gg vancomycin, and 7.5 ,g kanamycin/ml, and the third 10°/ horse blood with 100 Asg/ml neomycin. 
Results
The results of the blood investigations are shown in Table 1 . One patient (case 3) had microcytic anaemia associated with low serum iron and transferrin saturation. Serum iron levels were low in four other patients (cases 4, 8, 9, and 11) without anaemia. Serum vitamin B12 levels were normal in all patients except one (case 1). Serum folate levels were low in two patients (cases 4 and 11), but all had normal red cell folate values. Plasma electrolytes, serum calcium, phosphorus, 464 R J Nicholls, P Belliveau, M Neill, M Wilks, and S Tabaqchali SGOT, and albumin levels were normal in all; (>8-0 log10 cfu/g) was found in three patients alkaline phosphatase was slightly raised in three. (cases 4, 7, and 11). Of the aerobic organisms Schilling tests (Table 2) were normal in eight E coli predominated in seven patients and Strep patents and slightly reduced in four (cases 3, 6, faecalis in four.
10, and 11). None was less than 5%.
Histological examination of biopsies of the The 24 hour stool output ranged from 330 to mucosal lining of the reservoir showed a normal 1180 g (mean 659 + 259 g) and the faecal fat ex-ileal villous structure in seven patients (Fig. 2a) . cretion was normal in all the patients.
In three there was some shortening of the villi Faecal bacterial counts (log10 cfu/g) ranged and a total absence of villous pattern with a from 3.15 to 10.70 (mean 6.93+2-1) for an-flattened mucosa was found in three others. In aerobes and from 1.30 to 8.55 (mean 5.56+2.2) these six patients with alterations of the villi, the for aerobes. Relative overgrowth of anaerobes goblet cell population was increased and a diffuse As previously reported8 some patients experienced a degree (usually minor) of mucous leakage per anum and Intrareservoir resting pressures were steady during the period of recording and ranged from 10-22 cm H2O (mean 13X4+3X5); there was no change after eating a meal. The maximal volume of intrareservoir distension that could be tolerated ranged from 240 to 480 ml (mean 330 + 78 ml). Distension was limited by abdominal discomfort in eight patients but most patients experienced a sensation of perineal fullness at lower volumes similar to the feeling of the desire to evacuate that they used to have before the proctocolectomy.
Distension of the distal ileal segment caused a fall in resting anal canal pressure in nine out of 14 patients. The maximal threshold volume of this response ranged from 30 to 100 ml. The ileo-anal anastomosis lay between 3 to 5 cm from the anal verge (mean 3.6 + 0.7 cm) and the exit of the reservoir varied from 7 to 12 cm (mean 9.1 + 14 cm) from the anal verge.
Discussion
The immediate outcome of restorative proctocolectomy with ileal reservoir has so far been encouraging. As reported recently8 the procedure effectively restores the patient with ulcerative colitis to normal health with no more hazard than any other major pelvic operation and acceptable functional results in almost every case. Many operations-for example, gastrectomycan, however, lead to physiological disturbances in the longer term and it is clear that the patients reported here should be continuously followed up.
The investigation was intended as a general screening procedure to see whether any gross metabolic disturbances had developed and a detailed analysis of some of the abnormalities that were uncovered-for examplie, the low serum iron values found in some patients-was not undertaken therefore. The normal plasma albumin and haemoglobin lievels (case 3 excepted) give some measure of the patients' general metabolic state and the consistently normal electrolyte and calcium concentrations are reassuring. The slightly low haemoglobin level in case 14 is explained by the co-existing thalassaemia trait.
The low serum iron levels in five patients and the low serum folate levels in two of these are, however, a cause for concern. Case 3 clearly has an iron deficiency anaemia, but in the other four the significance of the low iron values is not clear, as TIBC levels were normal, although transferrin saturation was low in three of them; examination of the bone marrow and tests for occult blood in the stool were not carried out. The abnormality was not related to inflammation in the pouch nor to the original diagnosis of ulcerative colitis or polyposis. Four of the patients were premenopausal women in whom iron deficiency is common but it could also be possible that there has been abnormal iron loss postoperatively in these patients or that iron losses resulting from the original disease'0 or the operation itself had not been replenished by the time of the study. Red cell folate concentrations were normal in all the patients and there is, therefore, no evident folate deficiency anaemia despite low serum values in cases 3 and 11. It is not known why case 1 had a low vitamin B,, level, although it might be dietary in cause as the patient is a strict vegetarian.
As with the reservoir ileostomy developed by Kock,1" the operation leaves the patient with a pouch of small bowel in which faeces may remain for considerable pleriods of time. Both operations could, therefore, potentially lead to a stagnant loop syndrome as a result of bacterial overgrowth in the reservoir due to stasis.12 This would be suggested by evidence of fat and vitamin B,, malabsorption combined with weight loss and high faecal bacterial counts. "12 13 So far, none of the patients studied has fulfilled these criteria. Faecal fat excretion was normal in all and there was no overt case of vitamin B12 malabsorption, although Schilling tests were slightly reduced in four. The counts of bacteria within the reservoir exceeded the upper limit for faeces in the normal terminal ileum of 8 (log cfu/gm)14 in only one patient, although the absence of bacterial overgrowth in the remainder cannot be assumed, as the length of ileum colonised was not measured. These observations are broadly similar to some studies of patients with Kock ileostomies15 16 but, as Schornsby et al. ' 
